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XII. mtii iq &o&rO@8, l948-49: 

A.lalmon.ellu. The 4~4lor4d mimeographed report was yrepmd 

for the lS,fAt but summarizer the work nearly to date. Siaae the 

report was prepared, (April-May, 1949). mmevhat more definite eri- 

denas for geaet1a reaombinotion In salplonella tnhimnsriua haa been 

obtr&md, but the romlto we stiPl obmured by tie problem af lyso- 

lowing oltra-riolrt lra=acUstion, lhse4 have th6n ciw4d Igeaati- 

aal4 sad phprfologfrrs1l.y. At leaot mvan, and possibly as many a8 

6;wslr4 genes have been idratified vh5& we tieeewary for the for- 

mation oi this cra5y-m~. As tf ba.ekgrM for more d&a&led atpdies, 
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thr a~ ha4 been extrsatd from the aalla, antI ite propertier 

examined 3 fltre with the arid of a crhramagenio mbstmte for gal- 

aateridarst o-nitropheay~- -galmtoslds. Thir aampeund was kindly 

protided by Profssaor K, P. Link awl Hr. M. Seidman of the Depart 

atent of Bioah~etry. 

%e extmeted gahctoeidwr ahowr no remrlcable feeturee. Xt 

appwrs to bebare, acI a ring14 emyrtw# r&&h a lizmar tiae oomrne of 

oatian, and a lirmr reaponre to dilotioa, It is not inactivated 

v dla4arir, nor doer 1 t requl re phoaphata or other inorgsnio ions 

for atttivity, Ho evldw-ms for a eoomym vao f mad. Hoverer, the 

easyme is stilsalated by sodf~ar ion, in oantrasf to s strong fzahibi- 

tiea bp rubidiaaa ion, and a relative inertnera of ~~ota~sium, exoapt 

in aompstitlan wit& the other alkzxli mebalr. A number of substi- 

tuted mmoaitm iana are also inhtbitorp (aompstitire vith eoditm). 

‘i kinstio study of alkM1 metal inhibition mqgpste th& it la 

largely oampetitin with mbetrate bpt alae show mm %naontpeti- 

tirs” inhibition, aomptwable to the Inhibition of Atnnmgaferment 

by aside. Se resultr might be iatm-geted, howemr, (LO indio&ing 

that t&a metal ions WV bmxnd to the enzyrnr at a site Gl.Jaoent to, 

but sot oim@tmnt vfth, that whfoh binda the mabetrate. 

Kinetio &xxUea~ involving sw4ursla8ntr of vdooity am a fbndilon 

of mabartrate aommatrdioa, fit very well to the lUohaelis-Menten 

thaorg of tt&-whole~lar amplexm of enzyme and aubotrate. It 

has alro bean possible to mecmaro the affinitier of ~axicnts amlo- 

gear &wtosider far the enaynm b me~mriog the extent to which 

they impale the rplitti~ of nitrophenol from itr galaotosida. Ex- 

tmpt that laotaeo has a relatively 1~ aifinlty (hi@ diaaooirttian 

am&mt) aortrpared to other &.aetoeidee, it ie imatericrl to 



rqnwduce th4 aonrt4ntr here. Th4 intemwtionr of there gala&o- 

rider previde an mmtptional~ clear example of oemprtitire inhibi- 

tion, with which fermdhtion, the kinetise of the inhibition bar 

fitted wll. 

Blaoelrs Bad. other reducing emgarr (inadore, nmlto8e. eta., 
tit not tmmome er trehalo8r) am apparently non-rpeciflo inhibitora 

of &a&orhhn,, a# #q am sffretive oraly rt hi@ conomtrationr 

(oa Ii/lo) aad show 4re4ntbllq acm-uompetltiro ldaetior. %?h* la& 

ef aoatpetitim of glw~oso ir OS scm irportano4, beammo &~~arr, is 

a~ sracrtiiag4 dfelatita fnhibitor af adaptrtion to boto8e. 

P -4ulsateridar~ is a rtriatly mlagtfro ent~, produard bp& 

J&& oaly after mpmara to laatooe or other galaatoeide8. 0411s 

eplmfn on &aorr or other r\rMars aontaia reP7 -11 qaaati tie8 of 

the ensynm, lrsr tbn l$ of th4 wild type, and tba amounts that thy 

da aontaia uy yat be I, reridual fram prmiour exposure to laatote, 

aad to mae rsxtent alao, #A rwult ef &ap8stloa to the nitropba@ 

ga&wta~ids mod to artimats itr aiertivity. The moat eartein luthod 

all pr&aeiag adap$ed arlls is altirrtioa ln a la&ore-prptsm4 rsdium. 

Howrrer, o&la harwrted enb vss?md #'mm 4 ~ltwwe tima plrry ba 

adapted by mmpeadind: them for three hours in a butore-buffor so- 

lation, csrrtrary to pu.mehed 8lMbt484nt8, a&ptation la not rti- 

aul.atod by the mdditicm of ioargsni~? nitrqan l u.toes, but my bo 

acra&tretod 2- or 3-fold by ohs addition of amino aaidr. kbptation 

wm be drronstrated ia rorting, non-gruwingsurp4mions, but is mor4 

rcytrlar and rigorous whm ~aaaipsu~ied by multipliaatfon of the oellr. 

Pcrr rwwon8 not yat waderstood, some btabs of ctellr fail to adapt 

wha 4apo86d to la&we for uhort pewlodr, whlah ibar hinderml further 

quaatitativo work pendi~ the crlarifiaation of the ne~esswy oonditionr. 



m die&r oi the gear mutations dsx~ only be understood well %n 

rrlati(on $4 the oarma proo4sls of mwymtio *ptatiorr, on vhich mmh 

work must br dons. It mmm to be apprmt already that there is no 

disset rslationrhfp brttvrsn lip rtngl, @one mt¶ f&s specifiai0;l af t&m 

eargau,finallyproduoed, ua&adyLadicatedbytherery oosuplex 

@net18 aontrol iwolrfng more than ~evm already identified gaem. 

Boucsrff, a Mart he bemm adr in mr attempts to doteralnr hou ea& 

af the nsrhxar snt8tioar affbOt8 ths predu~tion of the earymo. 

SW mutatiamr which abuelutdy a& oon@letelq prwest ahptstiea 

mn be ~ma4Ua ao furthor at prrrrprt. llhfr ooqwirer tie &ae2, Lq 

&ad L&q 1001 8cI adv anderrt&. fhro ef the other locihav4 beea 6.x- 

8min4d to 84la4 extent. &al- prav~m not to be abrolutely hatort 

Jk4#ptir4, bat prodmen, %sml,4r optimal 4OaditiOZl8 with la4toro aLII th 

@Wwth wbrt.Fata, 8bOUt $ (d the rMB?Bd (yP~UtOB:daW aotitity. 

YlthbuOytgprlrrotorido, hmrwer, m!bpbrtionprmmdr+rrrJrmmhfurbr, 

UkdP4rtaltr in abanb30$ of ftdl BOtiVit& fhie difflo- ia@hato- 

ridarrs oatirity ir r;dlmMd In thtr rate Sa vhfah lwtome if fmentad 

8ad r44ultr in thir pmwdox: mllr ef th41 mut8nt gmnm on laoto84 fsr- 

mm&t butcl8s f!muh Qorcs rhdy thdn thsy do if &grown on butyl galado- 

ride. se bK?l- Jmtation, thu~afor~~ has not aedified the asp#ifiaity- 

d&wminatian wpaaltisra af the a&l, but ma& mare rertriat~, the 

aapaelty of the ensym wiaptatfon mo&anSm to reqmad )a oao mibrtrate 

&II otkmpr4d with 8aother. 

Aaoth4r mulrstioa, Imp w86 found to &feat not only leotoat 

fm~~tim, but ti80 4he Utilia~tiOA Qf @.UoOdb., snd titO84. &m 

aauh isolate proved to be dfrtinotitr in its temperature sumitirityt 

rts., it b4bv8d llka the norrmrl at 30’. aad likr the aut8nt 8t 40'. 

Within bhirr tmtperatore lateral, them are dimtin& throrholdr fer 



tho dlffsrent rffeato, 80 that at 370, for exzuuple, the oralture vould 

bS btaBSifim% &I bCtOS4-pOSitiY4r @A0084 aad BlBltOS4-ZIsg;atit4. *4- 

lilaiaary asper18?mt@ hawe shave tbt the effsot of temperature is not 

on the enzyme, but on it8 form&ion, as shovn by taste en 4ellr gown 

and tested at differarat twtper8tlWr8, &4 a&n, ve hare srid~as 

that the genetic effwt is not m the integrity af 8 premmd Ykmplatra 

but on 8me sbmpeot 4f the croqlex &qAstion m44h4&8a. Competition 

batwean dtffmant 8ubBtrat4s duriq izda2tation &ova that there is r-4 

dslemant eomon to adaptation of di;t”ferent (ulsymes, which 18 mqqorted 

h@a by the spr&ing or plaiotropi~ affeot ni one xutrtion on rremral 

4W3na@B. 

fl$%%&bbB Ozl lBdt484 Xtili5atiCX3 & this lSUhAt bSS r48ultgd fn 

a aallaboratian with ~~&%8sor Mg, &UdOrOff and his 4o~kagues s% 

the Vnirsrsit;lr of Cal511 oxnis, As mentiorsed ths I&q- mntant is ua- 

able to fta’x!urt eithw g;1WWB% Or titO@e. By amlwtion on aa1tasb 

medim, hewever, it is possible to deriv4 strainr vhiah ferment mal- 

'base ~gomue4, but whiah 83?4 inmtlve on glnoore, Roudoroff +t al. 

shdwed th8t this anoma4 la an 4qr400i0n of 8n amyloxt4ltaSe pl4oh8aim, 

vhneby zk erodes of nasftose are polymrizsd into aa amylore mol4uul4 

8nd a &wtosa axe split off. 9he atsy1486 $8 than phO4phorO~84d t0 

$ltmoa4-1~0~te, the &'i%ntim& ~lU8OU ft8d.f vhiah 4annot b4 

utilised* In dried prrpzua#ion*, this Pnterprrtation fits rsry well, 

aad &mo~a %a 8twUsRbted in Z'~UiBit4 aacmnt. tt w&s obrervcld h4re, 

hovy14r, that g1urcoa8 f8 not oarrmtpuletd during the ferasrrtation of 

adtore by liti= oells, althou& small 8aunts of gluuos4 added to 

thr aixturc, were untolaahed, ~fGU8 ~48tiOllB Of iSt4FXLel Or#Uii- 

88t10n af 4n &c ., -4 raised by them ob8~ 

vations, for vhioh them is 80 far a0 s8tidactory l xghnation. 



(It ir hoped that some clarification nv come out of Professor 

Iloudoroff’r 919it to this bbsrato~ this allram.) 

C. ?lJxtm.celluLar transfer of hcaritable faators.” It was 

hopad initially to study the ~htuumenon of type tramformation 

which Boivin had rqmted 111 efr;lin W @f &. g& A few pm- 

liminary experiment 63, hoamrS soon indiaated that our cultures, 

labelled “C”, received from Bcirin did not acaord with his de- 

ecriytione. Attempts to communicate with him ham been tansucoess- 

fiul, owing, we balitsve, to MS hoqitalization. This project has, 

thesef ore, bscn held in abeyanoe untf 1 suitable material cm be 

obtained, 

Sn the phex~omemaa of lyscqp~5.oity, however, them are oertain 

m--mats which my bear very strongly on what may be going on in such 

verified translo~tions aa those of tie pnoumoooooi. 

?&ring slwerd pllaz-3~ hanalla& str&l x-22 of & QQ&& gtwe no 

atgn of aont&mtion with bactari@mfp3. Portuitously, a mutat cd 

X-12 was isolated which rtsmaled t&t X-12, and almost all of the 

muhnt mbatrainrr. that have been obtained from it, irre tenadmdy 

infeutad with a bzuhriophwge. TM a phage ha8 no apparent effects 

ma the carrier strain, and crul ba detected only with the help of the 

indicartur atra%n, the yhage-sensitive mutant. The latent, lyt3ogeniu 

phail;~ was termed %tnbdn”. 

When lamb~sansitloe aella are exposed to lambda, abtmt 3/4 d 

the aella are l.ysd, and r&tase an qnted titre of the phage. !l!ha, 

rmainfng l/4 of the cells WA not lymd, but inetead become ilariftrne 

carriers af the phage, indistin&uiehable froa the oprigizwl lysolgda 

X-12, The phage is rather tenac5mxal.y bound to the lyoogenic cells, 

aa f’ull grown cult~so cf the brsoteria oontafn mly a +ery smll count 



(ea. lCKb/ r3l)of free phage prtfclss. In addition, attempts to dis- 

infeot tke lysogsnio bacterfu by artificial mearm (h-vy nltra- 

tioht rdiationr, rapid oultnre at high temperartnrer, tirfstatio 

ehrarlaals, ate.) ham so far bsem unsueoss~ul. 

At first sight, the only sign by whlah rexmittvo aad aarrfer 

laaateria c$a~ be diotinguished is their irrnsitiritp to lyefr v l-b&a. 

SubrwAuently, aurothsr pkage, $20, VZLS f+olated, from about a thouimnd 

plaque5 tested from srmaga, which althou& it does not induce lyso- 

Igenioity, i6 bloakaded by pre-h&faction with 1-a. ‘Phst is, aells 

which axe uuiflormlr sensitive to ~20 eaa be transformed to rcsriatantr 

by infesting them with laabba. It should be noted that, althou& aon- 

sidwwhlar lysir by lambda can be detaoted in solid medium w plate 

ctountr in liquid medi;tm them is no perceptible charge in tnrbldity 

to rignalise the lyuis. On thaothatr hepd, rssirbncm to ~20 maa al- 

90 bo replized by a gene ORttatLon, which turns out to be the SMW 

a5 ooniera rsrietanoQ to phega 96. h'Ols the pOiAt Of Vim Of the 

alteration of phagtwresi &anae , lambda might be oonrI&ered ar a 

gasretia trasaiormi~ prlnai$.,r. 4sogauiolty is probably far more 

aormon ucloqp W&e~%a t&m $8 8-w malired, and aheuld alva,yr 

be aonridsred in m2xeB aultrmre crJcperiacrmts. HOWSY~~, there ir no 

wideace that E hali any bearing on &emetic! reaombin8tioA aa studied 

in K-12. 

D. Segregctiort irom the diploid hrtaroeygotr %n & j&& X-12. 

Praw&aur inmrtbgatlaar had ta+o1red the illlolstiola of protcrtroph 

haploid rwsombiriaats, whiuh hdioated a ain& lfakaga~ qstaa in 

#aa baeterfqr. Morr, rmmNl.y, dip&M hrtsrosy@er hare beau 

idafed uhbh uadergo freqtmnt segregatfoa and ro4mtie-a to haploidr, 

whlah are rclstricrtsd to beirrg pratotrephio. Prrlinimuy rtudier 



IV. 

(ar publ~dmd) have inabated that the scagre&atiorr rrtior for oari- 

001 ganetb markws are fc+z from ltl, and w doriato em far as 15rl. 

xhiu Is probably has to the oomrrenoe of a lethal defioienuy In om 

or both tsf the ahrommmer of the heberozy~obs. !&at lethality amsuatn 

fer t,he dvrisrtioa from normal Hgregationm Ir 'wupported by the sir&e 

sbadirr whir& Dr. M. B. 2011s of bras11 University has been doing with 

mir collabaration. So bar been able to follow sIn&r-oell pedigrees 

under the miere~0pe, and bar f emd xumeroua inviable 0~11s. auually 

In larsoaiation with a baploid rqrrrgsnt. However, the aaeehaaiu by 

whicrh thme lsthsrl faetorcr are prodwad bar not been established, nor 

ham aq~ t&miqm yat been dwised orhieh will alroument this pa-t- 

urbaticut, and pa,ralt of the detailed rtw of the ggenetier of thir 

‘$Bateritm iA the absewe of the disturbed 8~O@StiOAS. 

-. 

Bm work en baatmial genetics may be 8ummrised under thaJ falloving 

headS~rrr 

A. Sal~o~slla (sow with Bt.f,H. support), Attempts to duonstrata 

the 0001urrewe of geae rscro3nlWatlaa irh Salaonellaaro be* 6arrIed 

out by&. ZIndrr. Although mm enumragiae;, but equirawl redtr 

have been obtakzmd wfth I. typM&urlum, the prrralenes of baderio- 

phage lyrc+genioity tn thir group ham 10 far interfered with a olear- 

QUt bBOASt~tf@A, $0 far, ~exmal roprodwtioa a0ong baeteris ha0 

been dmoartrated only &A OAR #train sf &&@3hla 9016. IQ 18 

buprtant to dotermlae the provalaaor oi tbi+ phummukon. 

B. @uA~XyQe rrl8tfoAshlpo. A ammber ai difforeot gsrrsr haye been 

iand ta inilwmco the formation of la&me. Bew mrthoda ham been worked 

out for arurying thir e~xy~e, and its kimtias and inhibition h&m booa 

rtudied. ft haa beoosir appfWat that thlrre i0 AOt a aOAO-tO-OA8m rehtioA&ip 



b+%lsaul. gone and enzyme in this fnstan~e, and that if there is say 

unitary aation of the gene in this system, it wat be on oomyments 

of *ha adaptive, enzyme meahanism. These qontpoaents hwe4 different 

spa~lflcity, ma some rmbations rmy affeot several cwymes. Blo- 

crhemloal rtuay of 8 maltose-poeitiv%, gluaose-negative has brtTmght 

ferth uv-idenos for a @dlrsotN mwhwhm of maltose fmtmntatian. in- 

volvixg pa3ymrizstion of the maltose to staroh, with vcabssguent 

p3lonphorolysir. 

0. Ityr~snldiby in Jf. g&&x-12. ft was 4LooideAtall.y discowned 

that nOrain K-12 whit& krsd been used for reconbfzu4don otudieti, is el- 

ae an irmsnno earrisr of a latent ba&erriophage. The paperties of this 

rrystem, which fa, analogms to a in hramehuit, suggest an inter- 

pretation of t&s tramformation of s6rologloal type in pnmuaaooccl 

bered on infection wSth a qte+utmio “vlnd. 

D, Aberrant hataro&p@as in P-12. SW isolation of the diploE! 

phwe in & g&& pmdts of the direat aualyrls of gait oqpagations. 

These aegre&ations are disturbed by a lethal faotor vhich has not yet 

been cased, 2he analysis of the &~sturbanae will enable a juclgmnb 

am ta the sxbemt to which the ehramaaatal webaztisms of this bwterium 

are the same as In hi&r forms. 
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